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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORARDUM

LIFT, DRAG, AND PITCHING MOMENT OF LOW-ASPECT-RATIO WINGS AT
SUBSONIC AND SUPERSONIC SPEEDS - PLANE 45° SWEPT-BACK
WING OF ASPECT RATTO 3, TAPER RATIO O.4 WITH
3-PERCENT-THICK, BICORVEX SECTION

By John C. Heltmeyer

SUMMARY

A wing-body cambination having a plane 45° swept-back wing of
aspect ratlo 3, taper ratilo O.h,a.nd 3-percent-thick biconvex sections in
streamwlse plaenes has been Investligated at both subsonic and supersonic
Mech nmubers. The 1ift, drag, and pltching moment of the model are pre-
sented for Mach numbers from 0.60 to 0.92 and from 1.20 to 1.70 at a
Reynolds mmber of 3.83 million. The variations of the characteristics
with Reynolds number sre also shown for several Mach numbers.

INTRODUCTION

A research progrem is in progress at the Ames Aeronautical Isbora-
tory to ascertaln experimentally et subsonic and supersonic Mach nmumbers
the characteristics of wings of interest in the deslign of high-speed
fighter ailrplenes. The effects of varietions in plan form, twist, cem-
ber, end thickness are being investigated. This report is one of &
serles pertalning to this program and presents results of tests of a
wing=body combination having a plane 45° gwept-back wing of aspect
ratio 3, teper ratio of 0.4, and 3-percent-thick blconvex sections in
streamvise planes. Results of other investigations in thls program are
presented in references 1 to 1l. As in these references, the date
herein are presented without anelysis to expedite publication.

PERMANENT g

BEVJ

T



ol

=~ um
(o).

P

PN ka0

NOTATION
wing span ' f.b /2 o2y
mean serodynemic chord B
[P ay

(o}

locel wing chord

length of body including portion removed to accomnodate sting,
inches - - e : - .

lift-drag ratio
meximm lift-drag ratio

Mach number

free-stresm dynemic pressure -

Reynolds number based on the mesn aserodynsmic chord
radius of body

maximum body radius

total wing area, including area formed by extending leading
and trailing edges to plane of symmetry

longitudinal distance from nose of body
distance perpendicular to plane of symmetry

angle of attack of body exis, degrees

drag coefficient < d_rg-ﬂ
’ a

1ift coefficient ( --_Ji"; &
g
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Cp pitching-moment coefflclent referred to quarter point of mean
aerodynamic chord (Pit £ Tom t)

asSc
dCy,
o slope of the 11t curve meesured at zero lift, per degree
dl
;cg slope of the pltching-moment curve measured at zero lift
APPARATUS

Wind Tunnel and Equipment

The experimental investigatlion was conducted In the Ames
6~ by 6-foot supersonic wind tunnel. In this wind tunnel, the Mach
mmber cen be varied continuocusly and the stagnation pressure can be
regulated to maintain a given test Reynolds mumber. The elr is dried
to prevent formatlion of condensation shocks. Further Informetion on
this wind tunnel is presented in reference 12.

The model was sting mounted in the tunnel, the dlemeter of the
sting belng ebout 93 percent of the dlameter of the body base. The
pitch plane of the model support was horizontal. A L-inch-dismeter,
four-component, straln-gege balance, enclosed wlthin the body of the
model, was used to measure the aserodynsmic forces and moments. This
balance 1s described 1n greater detall in reference 13.

Model

A plan end a front view of the model end certain model dimensions
are glven in figure 1. The lmportent geometric characteristlics of the
model are es follows:
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Wing

Aspec'b TAE1O « « ¢« o ¢ ¢ ¢ 6 o 0 o
'I‘aper ratlo o« o ¢ ¢« o« ¢ o o o ¢ o &
Airfoil section (streamwise) « « . .«

---3
00001"

3-percent~thick, biconvex

Total area, S, Bquare fe€t . <« s o ¢ ¢ o ¢ ¢ ¢ ¢ s 0 e s o o 2.""25
Mean aerodynamic Chord, E, Feet o ¢ ¢ ¢ ¢ ¢ 0 ¢ 6 0 6 0 ¢ 6 o & 00956
'D:Lhed.‘r.'al, de@ees ® 6 5 o & 6 ¢ o & 5 & 6 0 0 8 0 s 8 6 0 8 s 898 0
CBEber.-.-.o-nu--occ-o.-o-o-..oooa-None
Twis‘t,d.egrees......-.......-............0
InCid.ence, d.egrees ® & © & ¢ ¢ o s &6 6 6 6 5 8 & s a s s 09 90980
DiBta-nce, Wing-chord Plan.e to 'body axiB, feet « ¢ ¢ s ¢ ¢ o 4 ¢« a « O
Body
Fineness ratio (based upon length 15 £ige 1) ¢ o ¢ o o o « « « o 12.5
Cross=section Sha:pe © ¢ 5 o 0o 06 a s 06 06 8 069 0 e e 0 0 ¢ ¢ Clrcular
Meximum cross-sectlional area, square feet o« « ¢ « « ¢ o ¢ o « 041235
Ratio of meximum cross-sectionsl area to wing area « « « « « » 0.0509

The wing was comstructed of solid steel. The body sper wes also
steel and was covered with aluminum to form the body contours. The sur-

faces of the wing and body were polished smooth.

TESTS AND FROCEDURE

Range of Test Varisbles

The characteristics of the model (as a function of angle of attack)
were investigated for a range of Mach mumbers from 0.60 to 0.92 and from
1.20 to 1.70. The mejor portion of the data was obtained at a Reynolds
munmber of 3.83 million. Data were also obtained for Reynolds numbers of
1.53 million and 2.46 million at Mach mmbers of 0.60, 0.90, 1.20, and

1.70.

Reduction of Dets

The test data have been reduced to standard NACA coefficient form.
Factors which could affect the accuracy of these results, together with
the corrections applied, are discussed in the following paregraphs.

Tunnel-wall interference.~ Corrections to the subsonic results for
the induced effects of the tunnel walls resulting from 1ift on the model
were made according to the methods of reference 1ll#. The numeriecal
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velues of these corrections (which were added to the uncorrected data)
were:

A = 0.55h4 C,
ACp = .00967 Cr.2
No corrections were made to the pitching-moment coefflcients.

The effects of comstriction of the flow at subsonic speeds by the
tunnel walls were taken into account by the method of reference 15.
This correction was calculeted for conditions at zero angle of attack
and was applied throughout the engle-of-attack range. At a Mach mumiber
of 0.90, this correction amounted to & 2-percent increase in the Mach
number end in the dynamic pressure over that determined from a celibra-
tion of the wind tunnel without a.model 1ln place.

For the tests at supersonic speeds, the reflection from the tunnel
wells of the Mach wave origlnating at the nose of the body did not cross
the model. Ko corrections were required, therefore, for tunnel-wall
effects.

Streem veriation.- Tests at subsonic speeds in the 6- by 6-foot
supersonlic wind tunnel of the present symmetrical model in both the
normal end the inverted positions have indicated a stresm lneclination
of =0.05° and a stream curvature capable of producing e pitching-moment
coefficient of -0.004 at zero lift. No corrections were made to the
date of the present report for the effect of these stream irregulerities.
No meassurements have been made of the stream curvature in the yaw plane,
At subsonic speeds, the longitudinal veriation of statlc pressure in the
region of the model is not known accurately at present, but a prelimi-
nery survey has indicated that it is less than 2 percent of the dynamic
pressure. No correctior for this effect was made.

A survey of the eir stream in the 6- by 6~foot wind tunnel at
supersonic speeds (reference 12) has shown & stream curveture only in
the yaw plene of the model. The effects of this curvature on the meas-
ured characteristics of the present model are not known, but are
believed to be small as judged by the results of reference 16. The sur-
vey (reference 12) also indicated that there is a static-pressure varla-
tion in the test sectlion of sufficient magnitude to affect the drag
results. A correction was added to the meesured drag coefficient,
therefore, to account for the longitudinal buoyance caused by this
statlic-pressure veriation. This correction varied from &s much as
=0.0008 et a Mach mmber of 1.30 to 0.0006 et a Mach number of 1.70.

Support interference.- At subsonic speeds, the effects of support
interference on the serodynsmic characteristics of the model are not
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known. For the present tailless model, it is believed that such effects

consisted primerily of e change in the pressure at the base of the model. -
In en effort to correct at least partially for this support interference,

the base pressure was measured and the drag data were adjusted to cor-

respond to a base pressure equal to the static pressure of the free -
stream.

At supersonic speeds, the effects of support interference of a . . . . cm
body-sting configuration similer to that of the present model are shown
by reference 1T to be confined to a chenge in base pressure. The pre-
viously mentioned adjustment of the drag for base pressure, therefore,
wes applled at supersonic speeds.

RESULTS

The results are presented in this report without analysis in order
to expedite publication. The variation of 1ift coefficient with angle
of attack and the variation of drag coefficlent, pitching-moment coeffi- -
clent, and 1lift-dreg ratio with 1lift coefficient at a Reynolds number .
of 3.83 million and et Mach numbers from 0.60 to 1.70 are shown in
figure 2. The effects of Reynolds number on the aserodynemic character-
istics at Mach numbers of 0.60, 0.90, 1.20, and 1.70 are shown in a
figure 3. The results presented in figure 2 have been summerized in
figure 4 to show same important paremeters as functlions of Mach number.
The slope parsmeters in this figure have been measured at zero 1lift.

Ames Aercnauticel Laboretory,
National Advisory Committee for Aeronsuties,
Moffett Field, Calif.
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